The enemy release hypothesis (ERH) suggests greater success of species in an invaded range due to release from natural enemies. The ERH assumes there will be more specialist enemies in the native range and that generalists will have an equal effect in both ranges. We tested these assumptions with the grass Brachypodium sylvaticum in the native range (Switzerland) and invaded range (Oregon, USA). We assessed all the kinds of damage present (caused by fungi, insects, mollusk and deer) on both leaves and seeds at 10 sites in each range and correlated damage with host fitness. Only two of the 20 fungi found on leaves were specialist pathogens, and these were more frequent in the native range. Conversely there was more insect herbivory on leaves in the invaded range. All fungi and insects found on seeds were generalists. More species of fungi were found on seeds in the native range, and a higher proportion of them were pathogenic than in the invaded range. There were more kinds of enemies in the native range, where the plants had lower fitness, in accordance with the ERH. However, contrary to assumptions of the ERH, generalists appear to be equally or more important than specialists in reducing host fitness.
INTRODUCTION
Invasive plants often show increased fitness and higher population growth in their introduced range compared to the native range (Keane and Crawley 2002, Siemann and Rogers 2003) . Why some plants become invasive and others do not remains elusive and the subject of ongoing research in invasion biology (Colautti et al. 2004) . One of the oldest and simplest explanations for this phenomenon is the enemy release hypothesis (ERH) (Keane and Crawley 2002 , Hierro et al. 2005 , Liu and Stilling 2006 . This hypothesis attributes the increased performance of plant invaders in their new range to the escape from specialized enemies present in the original range. Three central assumptions underlie ERH: (i) specialist enemies are not introduced into the new range together with their hosts, (ii) host switching by specialists from congeneric species in the new range is rare and (iii) attack by generalist enemies affects native and exotic species similarly.
Several studies testing ERH show a reduction in number of enemies or the amount of damage for plant invaders in their new range compared to the original range (Wolfe 2002 , Mitchell and Power 2003 , Siemann and Rogers 2003 , DeWalt et al. 2004 , Han et al. 2008 , Adams et al. 2009 ). However few of these studies have compared specialists and generalists, despite the fact that contrasting patterns for these two groups are assumptions of the ERH (Wolfe 2002 , Agrawal et al. 2005 , Parker and Gilbert 2007 , Adams et al. 2009 ). Furthermore, while a few studies have assessed the number of kinds of enemies by reviewing the information in host indices (e.g. Mitchell and Power 2003) , actually quantifying damage in both ranges on a particular host is done less often. Furthermore the links between the number of kinds of damage and host fitness are almost never assessed, although this is what determines whether attack is likely to reduce population growth, the primary assumption of the ERH. Finally, it is important to distinguish between herbivores and the less frequently studied pathogens. Both groups include generalists and specialists and are potentially involved in enemy release, but their effect on hosts can be quite different (Agrawal et al. 2005 , Parker and Gilbert 2007 , Mulder and Roy 2008 , and their ability to colonize a new range or to switch hosts may differ as well.
To address the assumptions of the ERH we investigated the enemies of the grass species Brachypodium sylvaticum (Huds.) P. Beauv. (false brome, Poaceae), a shade-tolerant perennial grass of the forest understory. It is native to Europe and Asia and invasive in the United States ). This species is invading habitats at an alarming rate; it first was observed in Oregon in 1939 (Chambers 1966) and is now found in California, Missouri, Washington, Virginia and New York (Tom Kaye pers comm) . It is competing with native plants (Kaye and Blakeley-Smith 2006, Holmes et al. 2010) , is threatening endangered species (Severns and Warren 2008) and might alter fire regimes (Anzinger and Radosevich 2008) . A recent enemy exclusion experiment with B. sylvaticum showed that population growth is reduced by enemies in the native range but not in the invaded range, mostly because of differences in seedling recruitment (Roy et al. 2011) . Follow-up germination experiments (Blaser 2008) suggested that seedborne pathogens reduced germination success more in the native range than in the invaded one. Thus the data to date suggest that seedborne pathogens are likely to be important in regulating populations of this grass, but data on seed pathogens were not collected during the exclusion experiment. We thus initiated the current study to determine the prevalence and identity of seed pathogens and to more completely document leaf damage in multiple native and introduced populations. Based on the assumptions of the ERH outlined in the first paragraph, we addressed these questions and predictions: (i) How many kinds of damage are present in both ranges? We predicted more kinds of damage in the native range. (ii) Does the species composition of enemies differ between the native and invaded range? We predicted more specialists in the native range. (iii) How does damage affect the fitness of B. sylvaticum? We predicted greater fitness loss due to enemies in the native range.
MATERIALS AND METHODS
Study sites.-We collected data in Switzerland (native range) and in Oregon (USA, invaded range) at 20 field sites (SUPPLEMENTARY TABLE I ). Annual precipitation and temperature of the two areas are broadly similar. For example in Zü rich (Switzerland) annual precipitation is 1086 mm and in Eugene (Oregon, USA) annual precipitation is 1254 mm. Mean temperature in Zü rich is 8.5 C and for Eugene 11.9 C (climate information from www. meteoschweiz.admin.ch and the Western Regional Climate Center www.wrcc.dri.edu). However the distribution of rainfall is different. The summer is much drier in Oregon (mean precipitation for July and August in Zü rich is 124.5 mm, but it is only 20 mm for Eugene).
Damage assessment.-Damage was defined as any area removed from photosynthesis by the death of cells, presence of fungal tissues or removal by herbivores. Damage was assessed three times: in May and Jul 2007 on 10 random plants per population and in Aug 2008 on 30 random plants per population. To obtain a true random sample we assessed the damage on the nearest plant to meter marks along a tape measure. We determined the number of kinds of damage per plant by studying each plant 1 min and noting all kinds of visible damage. Each damage type was noted only once for each plant and was attributed to the most likely cause, fungal, insect herbivores, browser, mollusk or unidentified. From these observations we derived the number of kinds of damage per plant (5 damage richness) for insect herbivores and fungal spots as well as the frequency (number of plants per population) of each damage type in each population. To verify that damage richness was positively associated with the percent of damaged leaf area in Jul 2007 we also estimated the percent area removed by each type of damage. Because many kinds of leaf fungi can cause similar kinds of spots we also identified the fungi.
Identification of leaf fungi.-For identification of the enemies associated with each damage type we collected leaves from the most common damage types in 2007, and in 2008 we collected every kind of damage found on every plant. Fungi were the most frequent cause of damage, and 33 different types of damage were observed (SUPPLEMENTARY TABLE II). To identify the fungal species responsible for damage we used leaves from the 2008 collection in which 30 plants/population were sampled randomly. For each kind of damage we isolated fungi from 1-2 randomly chosen leaves per symptom per population. We additionally investigated some leaves from the 2007 collection with the symptom red spot, which was observed on more than 70% of plants. Pieces of leaves with each symptom (109 from CH and 115 from USA) were surface sterilized (2 s in 70% ethanol and 30 s in 3% hydrogen peroxide), placed on agar plates (2% crude agar containing antibiotics (Penicillin G 100 mg/L, Streptomycin 100 mg/L and Chloramphenicol 30 mg/L) and incubated at room temperature in the dark. Fungi grew out of 198 samples but sporulated only on 54 plates. The nonsporulating fungal samples were transferred to a new Petri dish with a leaf of B. sylvaticum to induce sporulation (Marquez et al. 2007) . In this way 24 further samples sporulated, yielding a total of 78 samples available for morphological identification. For the most common types of damage (red spot, tan spot and tan streak) we verified the determination by incubating small pieces of damaged leaves on a moist filter paper in a Petri dish at 20 C in the dark. After 24, 48 and 62 h fungal growth was checked. When spores were present (38% of samples), we identified them morphologically. These observations agreed with those of cultivation on agar plates and are not presented separately.
To identify common nonsporulating fungi or potential leaf pathogens we sequenced representative samples (nuclear rDNA, internal transcribed spacer [ITS] 1 and 2). We used the primers ITS1F and ITS4 (Gardes and Bruns 1993) . In total 23 fungi from leaves were sequenced. DNA extraction was according to Winton (2002) , except that instead of using 0.1% 2-mercaptoethanol in the buffer solution we used 0.1% DDT.
Rust fungi, which are obligate pathogens and thus almost impossible to culture (Helfer 1989 , Diner 2002 , were identified morphologically directly from the leaf samples with the techniques of Gäuman (1959) and Cummins (1971) . PCR amplification of spores from rust lesions failed for unknown reasons.
Identification of seed fungi.-Seeds collected in Aug 2008 were removed from the glumes and germinated in Petri dishes between moist filter paper (maximum of 50 seeds per Petri dish). We assessed all seeds (in total 2025) from four randomly selected plants per population. Petri dishes were incubated at room temperature with moist filter paper but without any free liquid inside. The germinated seeds were counted and removed daily for 18 d. Fungi growing on the remaining seeds were put into Petri dishes with 2% crude agar plus antibiotics. A total of 108 fungi were grown out on agar plates; 67 of these (62%) produced spores and could be identified morphologically to genus. Using the methods of Gardes and Bruns (1993) we sequenced the ITS 1F and 4 regions of the 11 most common fungi plus a few others that our knowledge of fungi suggested were likely to be pathogens.
Measurements of fitness.-Fitness was assessed in a number of ways. We measured the number of flowering stems for each plant. To assess seed production the number of spikelets per inflorescence was counted on four random plants per population in Aug 2008. For each inflorescence we counted the number of filled and aborted (empty) seeds and assessed the abortion ratio (aborted/total seeds). In addition in 2008 in each population we collected a large sample of seeds from multiple individuals into a single envelope, the bulk-collected seeds, which we assessed for germination (depending on availability, 103-200 seeds per population were germinated 40 d).
Analysis.-To test for differences in damage type richness between the two ranges (Q1) we compared the number of kinds of fungal damage and insect herbivory per plant for each site at each of the three survey dates. The ANOVA model for the 20 sites surveyed in 2008 included site nested in range as a random effect and range as a fixed effect. The ANOVA model for the 14 sites surveyed in both 2007 and 2008 included range as a fixed effect, census date (early and late season) as a fixed effect and site nested in range as a random effect. In addition to insect herbivores and pathogens some plants also were damaged by deer browsing or grazed by mollusks. The frequency of damage by mollusks and deer (number of plants per site) were analyzed with log likelihood ratio tests. The frequency of damage by unknown agents was shown in the figures but not analyzed statistically.
Differences in enemy composition between the native and invaded range (Q2) were tested for leaf and seed fungi by considering the frequency of fungi identified from leaves and seeds. The frequency of fungi on the leaves and seeds was assessed as follows: If a leaf or a seed had a particular fungus it received a score of 1, otherwise a 0. For the most frequently observed pathogens we also compared how often they were associated with each of the observed damage types by using likelihood ratio chi-square tests. This was necessary because some fungi cause multiple symptoms and multiple fungi can cause similar symptoms.
To test whether there was more damage by specialists (Q2) required applying terminology and concepts that are commonly used in insect ecology to fungal biology. We used the literature to categorize fungal species as specialists (known only to live on one host), generalists (more than one host) or endophytes (live internally, cause little or no damage to the host and often fruit on senescent plant tissue). Note that most studies of nongrass-specific endophytes use an operational definition of endophytes: whatever grows post-sterilization of the leaf surface. Much of what we cultured would fit this definition, but we separated out the pathogens based on the literature and then assigned them to specialist or generalist categories. We then estimated the proportion of leaves and seeds that were attacked by generalist, specialist, endophytic (now only the nonpathogens) or unidentified fungi for the native and invaded ranges. To determine whether each fungus was likely to be a pathogen (harmful to the host) we also used the literature.
To examine fitness (Q3) we calculated an overall fitness measure by estimating the number of viable seeds produced by a plant (5 number of flowering stems 3 number of good seeds [i.e. minus aborted seeds] 3 germination rate). Fitness differences between the ranges were examined with ANOVA in which site was a random variable and range a fixed effect. To determine whether the number of kinds of enemies were associated with fitness we used an ANCOVA with range as a fixed effect and the overall fitness measure as the dependent variable with damage (symptom richness by pathogens and insect herbivores) as covariates. All analyses were performed with JMP 7.0.
RESULTS
Damage symptom richness.-We found more types of damage in the invaded range than in the native range (native: 24; invaded: 35). Overall damage caused by fungi on leaves was most frequent (1700 observations on 600 plants), followed by insect herbivory (643 observations), unidentified causes (377 observations), browsing by deer (55 observations) and mollusks (42 observations) (FIG. 1) . The 39 types of damage we found are described (SUPPLEMENTARY TABLE II) and are illustrated ( SUPPLEMENTARY FIG. I) .
We illustrate how the number of kinds of foliar insect herbivore and fungal damage varied during the census (FIG. 2) . The number of kinds of foliar fungal damage was usually higher in the native range (Range F 5 39.84 1,12.3 , P , 0.0001, range by census interaction F 5 9.01 2,25.8 , P , 0.0010), but the number of kinds of insect herbivore damage was consistently higher in the invaded range (Range F 5 15.72 1,11.9 , P , 0.0019, range by census interaction F 5 0.12 2,22.6 , P 5 0.8946). (FIG. 1) we found no difference in the number of kinds of foliar fungal damage between the ranges; however the number of kinds of insect herbivore damage was again significantly higher in the invaded range. Damage by deer was similar in both ranges, whereas damage by mollusks was confined to the native range (FIG. 1) . The number of kinds of enemies was positively associated with the total leaf area damaged by both foliar fungi (r 2 5 0.34, F 5 71.53, P , 0.0001) and herbivores (r 2 5 0.36, F 5 77.43, P , 0.0001).
Species composition of enemies.-Insect herbivores. The frequency of seed-associated insects was higher in the native range (FIG. 3B) . We found only three species associated with the seeds, and all were generalists. Of 4953 seeds examined from the native range only seven were damaged (, 1%). In the invaded range no seeds were damaged by insects and only one thrip (Thysanoptera) was found among the seeds. In the native range we found two kinds of seed-damaging insects. Twenty-five nymphs of a leafhopper species (Hemiptera, Cicadellidae) were found both inside and outside the seeds. Because no adult animals were captured this insect could not be identified with certainty, but it was probably Balclutha punctata (H. Nickel pers comm). Finally one population in the native range, Truebbach II, yielded nine seed bugs, Kleidocerys resedae (Hemiptera, Lygaeidae). Leaf-eating insects generally could not be identified because the insects usually were no longer present. Two caterpillars were photographed in 2007, a generalist armyworm (Spodoptera sp.) in the invaded range and an unidentified species in the native range ( SUPPLEMENTARY FIG. 1) .
Fungi. Many fungal taxa were shared between the ranges, but they often differed in frequencies with some being isolated more commonly in the native range (8/24 on leaves, 9/15 on seeds , FIG. 3A) , while others were more common in the invaded range (12/ 24 on leaves, 4/15 on seeds , FIG. 3B) . Among all fungi identified from leaves from each range the proportion of specialists was higher in the native range than in the invaded range (FIG. 4A, SUPPLEMENTARY TABLE III ). All fungi found on seeds were generalists, but there was greater incidence of damage in the native range, and the frequency of pathogenic fungi on the seeds was higher in the native range (FIG. 4B, SUPPLEMENTARY  TABLE IV) .
Damage types associated with each of the four main leaf pathogens are shown (FIG. 5) . Drechslera erythrospila and Phaeosphaeria sp. appear to cause several similar symptoms (red, brown, large brown, light brown and tan spots; see SUPPLEMENTARY FIG. 1) . The symptom tan streak was found only in the invaded range but was associated with all four pathogen species. We had too few observations of Colletotrichum truncatum and Didymella exitalis to associate them with a symptom.
Host fitness and correlations with damage.-The overall fitness of plants in the invaded range was significantly greater than in the native range (FIG. 6) . While plants in the native range on average had more spikelets and seeds, this was more than counterbalanced by higher abortion rates and much lower germination rates, which were near zero in the native range versus an average of 24% in the invaded range (FIG. 6) . Poor germination and high abortion rates are consistent with the higher infection of plants in the native range with several known seed pathogens (FIG. 3) . Unlike for the seeds, the numbers of kinds of herbivores or foliar fungi on the leaves were not associated with a decrease in fitness; in no case was enemy species richness on leaves a significant predictor of damage when it was included as a covariate in the multivariate fitness analyses (not shown).
FIG. 3. (A) Proportion of 225 leaves that were attacked in the native and invaded range. (B)
Proportion of inflorescences that were attacked on 2052 germinating seeds within the native and the invaded range. The fungi are grouped as specialists, generalists or endophytes (which may not be mutualists). Pathogens, or fungi known to decrease fitness, are marked with {; fungi that were found rarely, the ''incidentals'', are marked with {. Unknown fungi are those that produced unidentifiable hyphae; these were infrequent.
DISCUSSION
Are there more kinds of enemies in the native range?-The first assumption of the enemy release hypothesis is that there will be more kinds of enemies and associated greater damage in the native range (Keane and Crawley 2002, Liu and Stilling 2006) . In support of the ERH we found more damage in the native range. However there were more kinds of insect herbivore damage in the invaded range and more kinds of fungal damage in the native range.
While our results for fungi are broadly consistent with the ERH, there are other factors that differ between the two ranges and that could potentially generate the same patterns. At least three environmental variables differ systematically between Switzerland and Oregon: temperature (warmer during the growing season in Switzerland but warmer overall in Oregon), seasonal rainfall distribution (dry in July and August in Oregon versus wet in summer in Switzerland) and nitrogen deposition (much higher in Switzerland, Gilliam 2006) . Each of these variables could lead to more kinds of fungi or more fungal damage in the native range. Warmer climate and longer growing seasons give pathogens more reproductive cycles (Roy et al. 2004 , Garrett et al. 2006 . Rainfall and humidity facilitate spore dispersal, germination and cross infection of plant pathogens (Fitt et al. 1989 , Agrios 2005 , DeWolf and Isard 2007 . Finally higher nitrogen deposition in Europe could lead directly to increased damage because some pathogenic fungi respond positively to host nitrogen content (Mitchell 2003 , Strengbom et al. 2002 , Han et al. 2008 , Pehkonen and Tolvanen 2008 . However the effect of nitrogen depends on fungal species and is not always positive (Ruaro et al. 2009, Thies and Westlind 2005) .
While it is possible that some or all of the environmental variables noted above influenced the amount of damage we found by pathogens in the native range, there is good experimental evidence that the ERH is as important or more important for the pathogens. When we used pesticides to remove both herbivores and pathogens from B. sylvaticum in both ranges we found that population growth increased in the native range but not in the invaded range (Roy et al. 2011) . Thus enemies regulate populations in the native range but not in the invaded range. Furthermore we show herein that there are more pathogen species in the native range and that pathogens had a disproportionately greater affect on fitness in the native range.
Does the species composition of enemies differ between the ranges? -Fungi. The second assumption of the enemy release hypothesis is that there are more specialists in the native range (Keane and Crawley 2002) . Indeed the fungi we determined to be specialists were significantly more frequent on the leaves in the native range (39 native vs. 16 invaded). However there were more leaf fungi overall in the invaded range due to the generalists, which were more frequent in the invaded range (91 native vs. 142 invaded). Investigation of the seeds did not show the same pattern as the leaves. We found no specialist fungi on the seeds, and the frequency of generalists on the seeds did not significantly differ between the ranges (native 141, invaded 126). Our results however should be interpreted carefully because the classification of the fungi into generalists versus specialists is not simple (Gilbert and Webb 2007) . Very often there is little knowledge about whether a fungus is a specialist or a generalist, so it is possible that we could have misclassified some fungi. Nonetheless the prevailing pattern is one of mostly generalists attacking this grass in both ranges.
The ERH also assumes different enemy taxa between the native and the invaded ranges. At genus rank the fungi we found on the leaves and seeds were identical between the native and the invaded ranges. These results are consistent with other studies on grasses, which observed the same genera of fungi (Makela 1981 , Dugan and Lupien 2002 , Pratt 2006 , Varga and Fischl 2006 . At species rank we are not able to compare the two ranges because not all collections were identified to species. It is important to note however that we did identify to species all the potential plant pathogens, just not all the common saprotrophic fungi. We found more species of pathogens in the native range on seeds (native six, invaded three), in accordance with the assumptions of the ERH, however the numbers were equal for leaves (native seven, invaded seven).
Most of the fungi we found are common saprotrophic fungi, which occur commonly on most grasses, but the pathogens differed depending on range. For example there was a different rust variety in each range. Further there were several species that occurred only in the native range including a smut (c.f. Tilletia olidea), Bipolaris sorokiniana and an unidentified endophyte. Smut fungi and Bipolaris sorokiniana are obligate parasites (Mirabolfathy and Ershad 2006, Webster and Weber 2007) . Our results suggest that common fungi are identical in both ranges, but some important pathogens were unique to the native range.
Invasions by grasses are widespread (D'Antonio and Vitousek 1992). Since the arrival of Europeans in the New World many grasses have been introduced from Europe. For example Californian grasslands today are dominated by European grass species (Gelbard and Harrison 2003) . With the introduction of grasses, organisms such as fungi might have been introduced too (Malmströ m et al. 2007, Parker and . It is likely that over time the fungal floras of both ranges have converged, and this might explain why the generalist fungi we found in this study are very similar between the native and the invaded ranges.
Two important fungi were not found in our seed germination tests, although they were observed on other occasions. Claviceps purpurea (Fr. : Fr.) Tul. and Epichloë sylvatica Leuchtmann & Schardl. Claviceps purpurea is a pathogen that can reduce the number of viable flowers by up to 70% because it replaces the flower with a sclerotium in late autumn. It is known to occur in the native range (Farr and Rossman 2009) and also was found previously at some of the sites used in this study (Roy and Gü sewell pers obs). In 2008 we found sclerotia of C. pupurea in the bulk seed collections at seven out of 10 sites but not in the first seed collection from individuals, which was collected about 3 wk earlier. To get an accurate measurement of the frequency of this pathogen the seed census should be done in September. In 5 y of studying this grass in Oregon we have never seen C. pupurea on B. sylvaticum, even in autumn (Roy pers obs).
Epichloë sylvatica is a systemic grass endophyte, growing in the leaves and seeds, and occurs both as sexually and asexually reproducing strains (Bucheli and Leuchtmann 1996, Brem and Leuchtmann 2002) . The sexually reproducing strain causes choke disease, which affects host flowering culms, and the fungus reproduces instead of the host. Choke has never been reported for B. sylvaticum in the invaded range (USA), suggesting that the pathogenic sexual strain of the fungus is not there. The asexually reproducing strain of the endophyte (referred to as Neotyphodium), which does not reduce host flowering for reproduction and is asymptomatic, is extraordinarily common in the native range with 100% infection (Bucheli and Leuchtmann 1996) . It is an interesting question as to why we did not detect this fungus during our culturing of leaves and seeds, if it really is 100% present in European plants and seeds, as the literature suggests. The likely explanation is that it is extremely slow growing in culture and instead is assessed typically either with microscopy (Rudgers et al. 2009 ) or immunoblot assays (Hiatt et al. 1999) . Recent data obtained with these methods suggest that infection rates in the invaded range are low (Roy unpubl data) . Overall our results suggest that both Claviceps and Epichloë reduce the fitness of B. sylvaticum in the native range and these specialist taxa support the assumptions of the ERH because they appear to occur on B. sylvaticum only in the native range.
The association of fungal species (FIG. 5) with damage type is not strong. Several fungi are associated with the same damage type (see also SUPPLEMEN- TARY FIG. 1) . Drechslera species are known to produce reddish spots (Paul 1972 , Brishammar 1993 , and the symptoms associated with Phaeosphaeria nodorum are lens-shaped brown spots, which can be surrounded with a yellow ring (Eyal et al. 1987 ). However our observations revealed that both of these fungi can be associated with the same types of spots. This suggests that we either could not detect all Drechslera infections due to slow growth, that there really is an overlap of symptoms on this host, that we did not always accurately note symptoms, or some combination of all these things. Due to different light conditions while sampling the plants, red and brown spots could have been confused easily. In addition for example we could not determine whether light brown spots are a later stage of the red spots, when the tissue has died. Another problem is that not all fungi induce external tissue damage and therefore could be attributed incorrectly to a damage type. The number of damage types caused by pathogens did not correlate with the number of fungi we found on the leaves, as the results show. Twenty-eight types of damage were associated with pathogens, and we found only 23 different fungi. Inoculation experiments with spores from Drechslera erythrospila and Phaeosphaeria spp. could improve our understanding of the association of fungi and kinds of tissue damage.
Insect herbivores. Few insects were found on the plants because they typically drop off or fly away when leaves are collected, but a few were found in our collected seeds. We therefore measured the effect of insect herbivores by the number of kinds of damage on the plants and not by the number of insects we found. All insects we found on the seeds were likely grass generalists and were more frequent in the native range. We could not definitively identify the leafhopper to species, but it is unlikely to be a specialist because there are no records of a breeding specialist on B. sylvaticum (Nickel 2003) . The reason is that in Switzerland this grass dies back to the ground and thus lacks aboveground biomass in winter, thus a breeding species could not survive on B. sylvaticum (H. Nickel pers comm). Although we did not find many insects, we observed several different kinds of insect herbivore damage on the plants. The damage types we called rasping, and linear rasping were found frequently in the invaded range but were not observed in Switzerland in 2008, suggesting that some insect herbivore taxa also differ between the native and the invaded range.
Insect herbivory was more common in the invaded range, a pattern that is contrary both to what is predicted by the enemy release hypothesis and the higher nitrogen levels in Europe (Throop and Lerdau 2004, Chen et al. 2010) . However, if it is confirmed that the endophytic fungus Epichloë sylvatica is largely absent from the invaded range, then this could explain higher herbivory because this fungus increases resistance to herbivores in the native range (Brem and Leuchtmann 2001) .
Effect of damage on fitness.-Overall fitness was higher in the invaded range (FIG. 6) . The plants in both ranges produced the same number of flowering stems and the same amount of total seed, but the proportion of viable seeds and the germination rates were significantly higher in the invaded range whereas the numbers of spikelets and seeds were higher in the native range. These results corroborate an insect and herbivore removal experiment with the same species in both ranges that showed that removal of enemies increased population growth rates in the native range (Roy et al. 2011) . We suspect that a pathogen, perhaps the endophyte Epichloë sylvatica, is what inhibits the germination of the seeds produced in the native range, but it also is possible that edaphic or climatic differences between the ranges could have altered the seeds leading to difference in germination or seed dormancy.
A pattern that seems to be emerging is that, when studies are done of leaf herbivory within a community that contains both native and invasive species, there are no range effects, implying the presence of enemies everywhere, whereas when biogeographic (cross range) comparisons are made there are range effects because some associate is inevitably lost (Colautti et al. 2004) . It is too early to say whether seed pathogens follow a similar pattern to herbivores, but the early indications are that they will. All the studies we found that compared seed pathogens on native versus invasive species were done within a community of native and invasive species in a single range (Blaney and Kotanen 2001, 2002; Schafer and Kotanen 2004; Dostál 2010) . These studies all found that, while fungicides increase the germination of seeds, there were not significant effects of seed origin. That is, within a community both the native and invasive seeds responded the same to enemy removal, suggesting that many pathogens are shared. In contrast our biogeographic comparison found that some seed specialists and generalist pathogens were lost or reduced during the move to the new range. An obvious next step with B. sylvaticum is to do a community study of seed pathogens to see whether the results are consistent with the emerging pattern.
While our seed results suggest that pathogens are associated with decreased fitness in the native range, there was no relationship between leaf pathogens or leaf herbivores and fitness. One reason might be that the number of kinds of enemies on a plant does not predict the amount of damage present. This is suggested by the relatively low r 2 for the association between the number of kinds of symptoms and the actual amount of tissue damaged (0.34 for pathogens and 0.36 for herbivores). Another possibility is that the plants may tolerate a certain degree of leaf damage without suffering consequences related to fitness (Roy and Kirchner 2000) .
Conclusions.-There has been a lot of focus on specialist enemies in the theory and tests of the ERH. It has been assumed that specialists are more likely to be lost in range transfers, that they have a disproportionately greater effect on fitness and that generalists should be present in both ranges. Our results suggest that a focus on specialists might miss an important part of the story. Generalist pathogens can be as important in decreasing fitness as specialists and they can also vary in frequency between ranges.
We note that there are many environmental variables that can vary systematically with range and that these can also lead to similar patterns of enemy damage as those posited by the ERH. There is no absolute cure for this geographic problem because there always may be some unmeasured variable of importance under natural field conditions. However researchers can diminish the likelihood of geographic bias by having multiple sites, and when organisms have been introduced to multiple places by studying them in multiple ranges.
